Introduction
C o m a arousal involves a programme of vigorous sensory stimulation designed t o accelerate recovery from coma or the persistent vegetative state and to improve patients' subsequent outcome. Various independent centres in Britain and the United States administer coma arousal and proponents of the therapy claim impressive recovery rates and have argued strongly for the establishment of coma arousal units [l] .
T h e present rate of hospitalization for severe head injury is approximately 14/100000 per year [2] . Approximately one in ten patients with severe head injury remain in prolonged coma (patients unable to obey a simple command for periods in excess o f 2 weeks) [3] . Two thirds of these patients die, become severely disabled, or continue in a persistent vegetative state one year later [4] . The potential benefits of a treatment to improve outcome in these patients are enormous both economically and on humanitarian grounds. Typically the severely head-injured patient has been involved in a motor vehicle crash and is a male under 30 years of age. Given the young age of most victims, the costs per case for compensation and medical care support services for the rest of life and compensation are huge. Thus treatment for such patients has a prevention priority well over what could be expected from the incidence figures.
Conventional care for head injury victims in coma and persistent vegetative state varies widely from institution to institution, and there are few guidelines as to when, for how long, and with what intensity clinicians should administer therapy [5] . Nonetheless, a belief in the benefits of early intervention after brain injury has been expressed in the rehabilitation literature [6-11] and intensive treatment schedules have been devised for the head-injured population [lo, 121.
Perry has distinguished two phases in the rehabilitation of patients with neurological damage [3] . Phase 1 'preventive rehabilitation' begins soon after injury and consists of measures aimed at avoiding secondary complications such as cardiopulmonary disorders, skin breakdown, urinary and respiratory tract infections. When signs of responsiveness indicate that the patient is emerging from coma, phase 2 'comprehensive rehabilitation' is initiated to maximise the recovery of cognitive and physical functions and to teach techniques for coping with residual impairment. The latter phase usually starts with graded stimulation and involves treatment from speech, physical and occupational therapists as the patient progresses.
However, a more radical approach to the management of the head-injured survivor has been proposed. Rather than waiting until the patient has spontaneously achieved partial recovery from coma, proponents of coma arousal suggest that intensive therapy should commence while the patient is still in coma. This approach considers coma arousal therapy to be a form of comprehensive rehabilitation, with massive sensory inputs replacing the moderate stimulation usually given to patients who are in coma or persistent vegetative state. The intensity of these inputs is in excess of that suggested by Malkmus [12] . This paper describes the findings from a pilot study for a controlled trial to test the effectiveness of coma arousal in improving patient outcome. The trial did not proceed beyond the pilot phase. The design of the pilot study did not include a control group. Therefore a historical reference group of patients in an Italian study [4] , which fitted entry criteria for the pilot study, was chosen to estimate the potential benefits of coma arousal as an intervention. This is the only large scale study reported for this category of patient in the literature. The outcomes described in the Italian study were similar to that reported for the same category of patient in a smaller study conducted in two Australian hospitals [3], one hospital of which was used for the present study.
Methods
Over a 15-month period between 1984 and 1985, all patients who arrived at a major teaching hospital in Sydney, Australia, with coma from a closed head injury were assessed by a study nurse. This assessment was conducted daily while in intensive care and twice weekly thereafter.
Patients in prolonged coma or persistent vegetative state (unable to obey a simple command) for at least two weeks after head injury were considered eligible for the pilot study provided there was not evidence of significant co-morbidity. There were 31 patients entered into the coma arousal programme. Only one case was excluded from the study due to co-morbidity. In addition one family refused to participate because of the poor prognosis Downloaded by [The UC San Diego Library] at 13:32 20 December 2017 of the patient (who died shortly afterwards). Study subjects comprised 21 males and 10 females aged between 6 and 75 years, with a mean age of 24.
T w o clinical end-points were used to assess patient outcome. The first, time taken to recover from coma, was defined as the time in days from injury until the patient was able to obey a simple command on two consecutive occasions at least 24 hours apart. This information was extracted from the daily nursing and medical reports completed on each patient. The second end-point, level of disability, was measured using the Glasgow Outcome Scale [14] 10-12 months after injury.
This latter assessment was based on the level of physical and cognitive function recorded at the time of discharge from the rehabilitation unit or from subsequent follow-up in rehabilitation outpatients or in the home. Twenty-four patients were assessed by members of the research team consisting of a neurologist, a medical epidemiologist, and social psychologist. Information on the functional status of these patients was collected from the patients and their family. For the remaining cases level of disability was determined from review of hospital in-patient and rehabilitation records (which included physical therapist and occupational therapist reports). Outcome status was assigned by the medical epidemiologist (DL) and social psychologist (SQ) after review of all relevant data on performance of activities of daily living, cognitive function and the vocational outcome. Patients were classified as having achieved either a satisfactory (good recovery and moderate disability) or poor (severely disabled, vegetative or dead) outcome.
Other clinical features of the pilot study patients were extracted from the hospital records and included Glasgow Coma Score (GCS) [15] and pupil response recorded on admission and during the worst period in the first week, presence of extracranial injuries and intracranial diagnosis (determined by review of operation and cerebral CT scan reports). The early management of patients with intracranial surgery, intubation and ventilation was recorded.
The historical reference group consisted of a consecutive series of 135 patients in prolonged coma [4] . Additional information of clinical and treatment features reported for this study was used to assess further the comparability of the two patient groups. These data included the number of patients with intracranial mass lesions and extracranial lesions, the number of patients with abnormal pupil responses and abnormal motor responses during the initial period of observation, surgical intervention and the use of intubation and ventilation for patient management.
Statistical analyses
Differences in clinical features between the groups were compared using the chi-square statistic. For 2 x 2 tables the test of significance incorporated Yates Correction and in cases where the expected frequency of any cell was less than 5, the level of significance was determined by Fishers Exact Test [16] . The difference between two proportions test was used to determine whether the satisfactory recovery rate differed significantly between the pilot study and the reference groups. The sample size for this comparison was sufficient to detect more than double the satisfactory recovery rate in the pilot study group compared with the historical reference group (30% versus 70%) at the 0.05 significance level with a power of 80% [17] .
The coma arousal protocol
The initial protocol comprised a sequence of vigorous, multisensory stimulations lasting up to eight hours per day for seven days a week. Stimuli were applied to the auditory, Downloaded by [The UC San Diego Library] at 13:32 20 December 2017 vestibular, visual and cutaneous sensory systems. Limbs were moved passively. Stimulations were delivered by close relatives of the patient. If the patient's conscious level improved, an attempt was made to increase the complexity and sophistication of the stimuli. Much emphasis was placed on stimuli with which the patient had previously been familiar. Thus favourite pieces of music were used, and the programme strongly promoted relatives as the providers of this intervention. The number of hours and type of stimulation specified in this programme is compatible with the protocols currently practised by coma arousal advocates [l] . In most cases the programme continued until the patient was accepted for conventional rehabilitation therapy.
Results
Twenty-eight (90%) of the 31 pilot study patients sustained injuries in a transport related incident. O n admission 26 (84%) patients had a GCS score of less than 6 and displayed abnormal flexion, extension or no response to painful stimuli, and 15 (48%) patients had abnormal pupil responses (one or two nonreactive pupils). Nine patients had intracranial mass lesions, six were treated with intracranial surgery. All patients were admitted to intensive care and intubated and ventilated.
A comparison of the pilot study group with the reference group on important clinical variables is presented in table 1. The two groups did not differ significantly on basic injury information (intracranial mass lesions, extracranial injuries), nor on measures of injury severity (pupil response, motor response), although proportionately more patients in the pilot study group had nonreactive pupils. Management practices differed significantly between the groups. All the pilot study patients were intubated and ventilated during their stay in intensive care, while only just under half of the reference group were treated similarly. Another discrepancy was noted between the two groups, namely a slightly higher mean age (29 years) among patients in the reference group than among patients in the pilot study group (24 years). However, it was not possible to test the significance of this difference because the standard deviation for age in the reference group was not given. The first clinical end-point assessed during the pilot study was the time taken to recover from coma. The distribution of cases on the basis of time spent in coma for both groups is presented in table 2. Within each time period, the number of coma arousal patients who emerged from coma did not differ significantly from the observed in the reference group.
Since duration ofcoma is related to subsequent outcome [4,18], it was expected that this lack of difference would also be reflected in the outcome results at one year. Thirteen patients in the pilot study and 42 patients in the reference group achieved the second study endpoint of a satisfactory outcome. Thus 42% of patients givkn coma arousal made a reasonable recovery compared with 31 YO in the reference group. The 1 1 % difference in favour of the pilot study group did not reach statistical significance (z= 1.15, p >0.25,95% confidence interval -8% to +29%0).
A further consideration in assessing and adequacy of the treatment, was the extent to which the patients' relatives fulfilled the requirements of the coma arousal programme. The duration of the programme ranged from 2-32 weeks. Research on relatives' input [19, 20] in this study found that in the short term (approximately six weeks), relatives were able to maintain an average of six hours/day intensive stimulation. After six weeks the number of hours stimulation which relatives could provide decreased to about three hours/day, particularly in cases where patients had shown no marked signs of improvement.
Discussion
Patients with severe head injury who had coma arousal during a pilot study were compared with outcomes reported from a case series report from Italy. The two patient groups were contrasted on a number of important clinical and management variables which influence outcome after severe head injury [21, 22] . The age of the patients was included because younger patients make a better recovery [4,18]. Several discrepancies were noted which may have differentially influenced patient outcomes. A statistically significant difference in the management of patients in the intensive care unit (intubation and ventilation) was identified as were possible clinically significant discrepancies in the number of patients with abnormal pupil responses and age distributions between the groups. The management profiles and the differential age distributions (the mean age being greater in the reference group) appears to favour better recovery rates in the pilot study group which has to be weighed up against the predicted effect of finding a greater proportion of the coma arousal patients with bilaterally nonreactive pupils. Clearly, conclusions based on such a comparison are limited. However, there is sufficient comparability between the two groups to estimate whether coma arousal is associated with markedly more favourable outcomes than is seen with conventional treatment. The sample sizes used in this comparison enable a difference of 40% in treatment outcomes to be detected as statistically significant. There was no indication from the outcomes of coma arousal patients that this intervention is associated with dramatically better outcomes observed after receiving more conventional therapy. This conclusion was the same for both study end-points, the rate of recovery from coma and the level of recovery after one year.
Sixteen patients commenced coma arousal within three weeks of admission and 15 patients commenced stimulation later. The delay for these latter patients occurred because of clinical or organizational problems (e.g., late release from the intensive care unit). Thus it could be argued that, in the pilot study, the coma arousal intervention was delayed past the time considered optimal for it to start in about half of the patients. If this were the case, and the effectiveness of coma arousal were dependent on its early implementation, then time from injury to starting the program should be related to outcome. However, the timing of the programme did not significantly predict patient outcome (table 3) .
Further, it could be argued that the frequency and intensity of coma arousal offered in the pilot programme were not sufficient to achieve the claimed effects. However, the average intervention of six hours per day for a patient during the first six weeks period is far in excess of that given in conventional management and must be considered to be evidence of great dedication and interest among the relatives.
The study findings have important implications for .families considering whether to become involved in a coma arousal programme, and for medical practitioners asked to comment on the relative effectiveness of such programmes. Patients given coma arousal did only marginally better than a similar group of patients treated conventionally, a result consistent with no major treatment effect. Thus our findings do not support the claim that most patients in prolonged post-traumatic coma who are given coma arousal will make a satisfactory recovery.
